Abstract: An intuitionistic fuzzy TOPSIS model, which is based on an exponential-related function (IF-TOPSIS) and a fuzzy entropy method, has been proposed in this study. The exponential-related function, which represents the aggregated effect of positive and negative evaluations in the performance ratings of the alternatives, based on the intuitionistic fuzzy set (IFS) data. Serves, as a computational tool for measuring the separation distance of decision alternatives from the intuitionistic fuzzy positive and negative ideal solution to determine the relative closeness coefficient. The main advantage of this new approach is that (1) it uses a subjective and objective based approach for the computation of the criteria weight and (2) its simplicity both in its concept and computational procedures. The proposed method has successfully been implemented for the evaluation of some engineering designs related problems including the selection of a preferred floppy disk from a group of design alternatives, the selection of the best concept design for a new air-conditions system and finally, the selection of a preferred mouse from a group of alternatives as a reference for a new design. Also, for each of the three case studies, the method has been compared with some similar computational approaches.
Introduction
The intuitionistic fuzzy set (IFS), which is an expansion of the traditional fuzzy set (FSs) theory was first proposed by Atanassov in 1986 [1] . It comprises of a membership and a non-membership function, which are used for the man-agement of vagueness and uncertainty. As indicated by Wan and Li [2] and Aikhuele & Turan [3] , the IFS are more adaptable, functional and capable than the traditional FS theory at handling uncertainty and vagueness in practices. The advantages of applying the IFS have been reported in [5] to include: (1) Its ability to model unknown information using hesitation degree, when the Decision-makers (DMs) are unsure about the preferences of an assessment. ( 2) It represents three grades of membership function, which include membership degree, non-membership degree, and hesitancy degree. Hence, the IFS can be said to consider opinions from three sides to arrive at the preferred one. (3) All the fuzzy numbers in the IFS theory can all be used to represent vagueness of "agreement", although, they cannot be used to depict the "disagreement" of the DMs.
As a mathematical tool, the IFS has demonstrated the ability to deal with fuzziness and uncertainty in information and data in a real-life situation and this has resulted in its many applications in diverse fields of study mostly for solving multiple criteria decision making (MCDM) problems [3, [6] [7] [8] [9] [10] . However, among the numerous applications of IFS for MCDM, the technique for order preference by similarity to the ideal solution (TOPSIS) by Hwang and Yoon [11] has remained the most extensively used method. TOPSIS method is based on the concept that the most appropriate alternative should have the shortest distance from the positive ideal solution and the farthest distance from the negative ideal solution and has remained one of the most reliable and practical decision-making tools which depend on preference information provided by the DMs [12, 13] .
In matching up the preference information given by the DMs which are expressed in IFS, some metric methods were introduced, that is the score and accuracy functions as described in [14] [15] [16] [17] and applied for solving MCDM problems. However, a recent investigation by Wu [17] suggests that the results obtained using the score and accuracy functions are not always consistent, while they also produce a negative priority vector in their applications. In addressing this issue, Wu [17] , introduced the exponential score function. Although, the exponential score func-tion appears to address these shortcomings, the function is only effective for determining priority weight that involves pairwise comparison.
In this study, the exponential score function which have been extended in [18] (exponential-related function) is adopted in the intuitionistic fuzzy TOPSIS (IF-TOPSIS) model with intuitionistic fuzzy entropy method, for determining the criteria weight when the performance ratings are expressed in intuitionistic fuzzy number (IFN). The adoption of the new exponential-related function (ER) in the intuitionistic fuzzy decision-making method is undertaken to provide a flexible and a whole new approach to solving MCDM problems. In computing the weight of the criteria, the intuitionistic fuzzy entropy (IFE) originally proposed by Ye, [19] was adopted.
The main contribution and advantages of the new method and approach lies in the use of an objective approach for the computation of the criteria weight, which allows for complete assessment of the actual performance and value of each of the criteria. The application of the matrix method (i.e. the exponential-related function), which represent the aggregated effect of the positive and negative evaluations in the performance ratings of the alternatives based on the intuitionistic fuzzy set (IFS) data. The integration of the exponential-related function and the intuitionistic fuzzy entropy into the traditional intuitionistic fuzzy TOPSIS model, introduction of the MCDM method, which can be described as simple both in its concept and computational procedures, compared to other existing methods and finally. The exponential-related function, which serves as a parameter and a better alternative to the Euclidian distance that often has correlation issues, in the computation of the separation measures of each alternative from the intuitionistic fuzzy positive and negative ideal solution which is used in the determination of the relative closeness coefficient.
The rest of the paper is organized as follows; in section 2, the concept of the IFS, the intuitionistic fuzzy entropy, and the exponential-related function are presented. The algorithm of the Intuitionistic Fuzzy TOPSIS model based on the exponential-related function (IF-TOPSIS) and the intuitionistic fuzzy entropy (IFE) method are presented in section 3. In section 4, a numerical case study is presented to demonstrate the effectiveness of the model. While some come conclusions are presented in section 5.
The Basic Concept of IFS and the Exponential-Related Function
This section presents, the fundamental definitions and concepts of the IFS theory as described in [1] and the proposed exponential-related function with the IFE.
Intuitionistic Fuzzy Set

Definition 1
If the IFS A in X = {x is defined fully in the form
The different relations and operations for the IFS are shown in Eq. (1) to (4) .
In the proceeding definition, comparisons between the IFS are presented, by introducing the score and accuracy functions as described in [14] [15] [16] .
Definition 2
Let A = (µ, v) be an intuitionistic fuzzy number, a score function S and an accuracy function H of an intuitionistic fuzzy value can be represented as follow.
Definition 3
Let A = (µ, v) be the intuitionistic fuzzy number, according to Wu (2015) the exponential score function Se of the intuitionistic fuzzy number can be represented as:
The Exponential Related Function (ER)
Definition 4 [18] Let A = (µ, v) be the intuitionistic fuzzy number. The new exponential-related function ER of the intuitionistic fuzzy number can be defined as:
, where ER (A) ∈ [1/e, e] (8)
Proof. Assume that A = (µ, v) and B = (µ 1 , v 1 ) are two comparable alternatives with intuitionistic fuzzy numbers based on some criteria c i such that A ⊆ B without loss of generality, let assume that µ
By Definition 4, we have that: 
The intuitionistic fuzzy entropy (IFE)
Following the operations of the IFS, let us consider an intuitionistic fuzzy set A in the universe of discourse X = {x 1 , x 2 x 3 , . . . , xn.The intuitionistic fuzzy set A is transformed into a fuzzy set to structure an entropy measure of the intuitionistic fuzzy set by means of µĀ (
Based on the definition of fuzzy information entropy proposes the intuitionistic fuzzy entropy as follows:
When the criteria weights are completely unknown, we can use the IFE to determine the weights. The criteria weight is given as:
where
Algorithm of the IF-TOPSIS and Intuitionistic Fuzzy Entropy (IFE) Method
In this section, the algorithm for the IF-TOPSIS and the IFE Method is concisely expressed using the stepwise procedure. The schematic diagram of the proposed model is shown in Fig. 1 .
Step 1: Set up a group of Decision Makers (DMs) and aggregate their evaluations using Intuitionistic Fuzzy Weighted Geometric (IFWG) operator [20] . Once the DMs has given their judgment using linguistic variables, the variables are then converted to the intuitionistic fuzzy number (IFNs), as shown in 
Step 2: Determine the weight of each of the evaluating criteria w j using the IFE method. Step 3: Using the exponential related function ER (i.e. equation 8) convert the intuitionistic fuzzy decision matrix Ryxz(x ij ) to form the exponential related matrix
, which represents the aggregated effect of the positive and negative evaluations in the performance ratings of the alternatives based on the intuitionistic fuzzy set (IFS) data.
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where w j is the weight of the criteria.
Step 6: Compute the relative closeness coefficient, (CC i ), which is defined to rank all possible alternatives with respect to the positive ideal solution A + . The general formula is given as;
where CC i (i = 1, 2, ..n) is the relative closeness coefficient of A i with respect to the positive ideal solution A + and 0 ≤ CC i ≤ 1.
Step 7: Rank the alternatives in the descending order.
Illustrative Examples
Case 1: Let's consider a practical decision-making problem originally reported in [21] . In this case, the original problem is modified to make a new example, however, using the same decision matrices while the attributes weight are derived using the intuitionistic fuzzy entropy method. Suppose a product manufacturing company want to select a preferred floppy disk from a group of candidates; S 1 , S 2 , and S 3 as a reference disk for a new design. A group of three experts with the following weights values λ = {0.35, 0.36, 0.28} respectively, are to make a decision about the floppy disk with respect to the following criteria: Performance (C 1 ), Appearance (C 2 ) and Cost (C 3 ). The experts' preference judgments are given as shown in Table 2 . Using the algorithm of the IF-TOPSIS and the IFE as given in section 3, the best floppy disk design from the three design alternatives with respect to the three criteria is selected.
In Steps 1&2, the individual expert's assessments for the three designs with respect to the criteria are aggregated Table 3 . The criteria weight is calculated from the intuitionistic fuzzy matrix using the IFE method which can be calculated by inputting the formula in a Microsoft excel program. The final result is given as w = {0.29, 0.23, 0.47 respectively. In step 3-5, using the exponential-related function, the intuitionistic fuzzy decision matrix R 3x3 (x ij ) is converted to form the exponential related ma- (14) and (15) . In step 6-7, the relative closeness coefficient CC i , (i = 1, 2, 3) to the ideal solution is calculated using equation (16), the relative closeness coefficients for each of the alternatives are ranked in the descending order. The results are given in Table 4 . From the ranking result of the three floppy design alternatives, we can conclude therefore that the design concept S 2 is the best design based on the three evaluating criteria provided by the three Expert's preference judgments. Table 5 shows that the result is totally in agreement with the result in [21] . This proves the effectiveness and feasibility of the proposed model at handling uncertainty and for decision-making. Case 2: Let's consider another decision-making problem originally reported by Joshi & Kumar [22] . In this case, the problem has been modified to make a new example using the same decision matrix, while the attributes weights are derived using the intuitionistic fuzzy entropy method.
Suppose a design company wants to select the best concept design for a new air-conditions system from the following alternatives S 1, S 2, S 3 , and S 4 . The DMs are to evaluate and select the best concept design with respect to Safety (C 1 ), Attractive design (C 2 ) and Reliability criteria (C 3 ) design cost (C 4 ) and compatibility design (C 5 ). The aggregated DMs preference judgments are presented in Table 6 (i.e. Intuitionistic fuzzy decision matrix). From these the best concept design for the new air-conditions system can be selected based on the IF-TOPSIS and IFE method.
Using the IF-TOPSIS algorithm we select the best concept design for an air conditions system, where the criteria weight is calculated from the intuitionistic fuzzy matrix using the IFE method. The result of the evaluation is given as: w = {0.161269, 0.144649, 0.14052, 0.40608, 0.147482} , respectively.
Using the exponential-related function, the intuitionistic fuzzy decision matrix R 4x5 (x ij ) is converted to form the exponential related matrix (14) and (15) . In step 6-7, the relative closeness coefficient CC i , (i = 1, 2, . . . , 4) to the ideal solution is calculated using equation (16) , the overall computational results as well as the ranking of the relative closeness coefficients for each of the alternatives are given in Table 7 .
From the ranking result of the four air-conditions system design alternatives, we conclude that the S 3 is the best design with respect to the five evaluating criteria. The result is totally in agreement with the result in [22] (Table 8) . Case 3: Finally, Let us consider a practical MCDM problem originally reported by Ye [23] and adopted by Liu & Ren [24] . In this case, the original problem has been modified to make a new example, however, using the same decision matrix.
Suppose a computer manufacturing company wants to select a preferred mouse from a group of candidates; A 1 , A 2 , A 3 and A 4 as a reference mouse for a new design. Again, a group of experts is asked to make a decision with respect to Performance (C 1 ), Cost (C 2 ) and Appearance (C 3 ). The experts aggregated evaluations are given in Table 9. We select the preferred mouse using the IF-TOPSIS method.
Using the IFE method, the criteria weight is calculated from the intuitionistic fuzzy matrix and the result is Table 10 .
From the ranking result of the four alternative mouse designs, we conclude that the A 2 is the best design with respect to the three evaluating criteria, and the ranking result is in agreement with the result in [23, 24] as shown in Table 11 . 
Conclusion
In this paper, we have proposed a new matrix method (i.e. the exponential-related function (ER)) for comparing intuitionistic fuzzy sets, and as a replacement for the traditional exponential score function originally proposed by Wu [17] , which have been found ineffective for solving some MCDM problems. The new exponential-related function (ER), which has been developed and adopted in the intuitionistic fuzzy TOPSIS model and intuitionistic fuzzy entropy is used for solving MCDM problems in which the weight of the evaluating criteria are completely unknown and the performance ratings of the alternatives are expressed in IFN. The criteria weight here, have been calculated using the intuitionistic fuzzy entropy method originally proposed by Ye [19] . The main advantage and contribution of the new method and approach is that (1) it uses an objective approach for the computation of the criteria weight, which allows for complete assessment of the actual performance of each of the criteria by assisting in the identification of the difference between the present situation (which is considered to be ideal) and the level of performance it intended to achieved in the future. (2) Simplicity in the MCDM method both in its concept and computational procedures as compared to other existing methods. (3) The application of the exponential-related function, which stands to represent the aggregated effect of the positive and negative evaluations in the performance ratings of the alternatives based on the intuitionistic fuzzy set (IFS) data and (4) finally, it serves as a parameter and a better alternative to the Euclidian distance that often has correlation issues, in the computation of the separation measures of each alternative from the intuitionistic fuzzy positive and negative ideal solution which is used in the determination of the relative closeness coefficient.
To validate the feasibility and effectiveness of the method, the IF-TOPSIS, model has been applied for the assessment of some engineering designs related problems including selection of a preferred floppy disk from a group of design alternatives, the selection of the best concept design for a new air-conditions system and finally, for the selection of a preferred mouse from a group of alternatives as a reference for a new design. In the future, we will continue working on the application of the proposed method in other domain, specifically for problems with more criteria and alternatives and to make some comparisons with the adaptive fuzzy control of strict-feedback nonlinear timedelay systems, which have recently found applications in the intuitionistic fuzzy environment.
